Background-Cardiologists are distributed unevenly across regions of the United States. It is unknown whether patients in regions with fewer cardiologists have worse outcomes after hospitalization for acute myocardial infarction (AMI) or heart failure (HF). Methods and Results-Using Medicare administrative claims data from 2010, we examined the relationship between regional density of cardiologists and risk of death after hospitalization for AMI and HF using hospitalizations for pneumonia as a comparison. We defined density as the number of cardiologists divided by population aged≥65 years within hospital referral regions, categorized into quintiles. The online-only Data Supplement is available at http://circoutcomes.ahajournals.org/lookup/suppl
C
ardiologists are unevenly distributed across the United States, which can impact patients' access to specialty care. The density of cardiologists varies 20-fold among hospital referral regions (HRRs), ranging from 11.6 to 224.8 per 100 000 Medicare beneficiaries. 1 Nearly 50% of cardiologists are concentrated in regions that contain only 25% of the Medicare population, and ≈60% of this population has access to only ≈38% of cardiologists. 1 In particular, rural regions, regions in the Midwest, and regions with lower socioeconomic status have a lower density of cardiologists. 1 This variation raises questions about whether patients in lowdensity regions experience worse outcomes.
Studies have reported that patients with acute myocardial infarction (AMI) or heart failure (HF) have lower mortality when a cardiologist is part of their inpatient treatment team [2] [3] [4] [5] [6] [7] [8] or when they receive care from a cardiologist after discharge. 9, 10 Additionally, several studies in other specialties have shown relationships between regional density of healthcare providers and outcomes. Regions with a higher density of primary care physicians have a lower mortality for ambulatory care-sensitive conditions; 11 regions with a higher density of neurologists and neurosurgeons have a lower stroke mortality; 12 and regions with a higher density of gastroenterologists have lower rates of end-stage colorectal cancer. 13 However, the relationship between density of cardiologists and outcomes for cardiac conditions such as AMI and HF is unknown. We assessed the relationship between regional density of cardiologists across the United States and patient risk of 30-day and 1-year mortality after hospitalization for AMI and HF. We hypothesized that patients who are hospitalized for AMI and HF in regions with a higher density of cardiologists would have substantially lower mortality risk than patients in regions with a lower density. Identifying a systematic difference in outcomes would support efforts to develop interventions to address the disparity in access to cardiologist care. We also examined the risk of mortality in patients hospitalized for pneumonia as a comparison condition because, like AMI and HF, it is common, presents acutely, and has a high mortality rate. We did not expect the risk of mortality in patients hospitalized for pneumonia to have any relationship with the regional density of cardiologists.
Methods

Data Sources
Medicare Standard Analytic and Denominator files were used to identify 3 cohorts of hospital admissions in 2010 based on a principal discharge diagnosis of AMI, HF, or pneumonia. Each cohort was defined with International Classification of Diseases, Ninth Revision, Clinical Modification codes identical to those used in the mortality measures that are publicly reported by the Centers for Medicare & Medicaid Services. [14] [15] [16] We excluded patients who were <65 years of age at the time of admission, transferred to another acute care facility, not enrolled in Medicare fee-for-service for the previous year, or discharged against medical advice. For patients with multiple hospitalizations meeting these criteria, we included a randomly selected single admission. For each admission, we assembled information on patient age, sex, and condition-specific comorbidities. We used comorbidities that were identical to those used in the publicly reported mortality measures. [14] [15] [16] We used the 2010 Bureau of Health Professionals' Area Resource File, 17 published by the Health Resources and Services Administration of the Department of Health and Human Services, to obtain data on the distribution of cardiologists in each county as derived from the American Medical Association's Physician Masterfile. We also obtained demographic and socioeconomic data in each county (population aged ≥65 years, total population, number of white people, number of unemployed people, civilian workforce, and median household income).
Regional Analysis
We used HRR as the unit of regional analysis. HRRs were devised from historical patterns of referral for complex cardiological-surgical and neurosurgical procedures, and they represent large areas with substantial population. 18 HRRs are commonly used to examine variation in health care. [19] [20] [21] Each county-level variable was aggregated to HRRs using geographically based methodology that has been previously published. 22 In brief, we used geographic information software (ArcGIS, version 9.3.1, ESRI, Redlands, CA) to determine the overlap between counties and HRRs. We assumed a proportional distribution of each variable within each county and then allocated each county to HRRs. If a county was contained entirely within 1 HRR, we allocated that county to that HRR only. If a county was contained within multiple HRRs, we allocated that county to HRRs in proportion to its fractional area contained within each of the HRRs. We defined HRR-level variables as the sum of these proportional allocations from all component counties. We merged HRR-level data into the patient-level data through the patient ZIP code.
Outcomes
The primary outcomes for each condition were death within 30 days and 1 year of admission. We used both 30-day and 1-year mortality to help capture a range of possible effects, including hospital and early follow-up treatments and long-term outpatient follow-up.
Independent Variables
At the patient level, independent variables were age, sex, and the condition-specific comorbidities. These variables parallel those used in the hospital mortality measures that are publicly reported by the Centers for Medicare & Medicaid Services. [14] [15] [16] Our group previously validated this approach against medical records-based models to assess hospital performance.
At the HRR level, the main independent variable was density of cardiologists, defined as the number of cardiologists divided by the population aged ≥65 years, expressed per 100 000 older adults. We included regional socioeconomic and demographic variables previously shown 1 to relate to density of cardiologists as HRRlevel covariates (unemployment rate [the number of unemployed people divided by the civilian workforce], percentage of white race [number of white people divided by the total population], and median household income). In preliminary analyses, we also included density of primary care physicians and density of total physicians as HRRlevel covariates. However, because subsequent work showed that these variables were highly colinear with each other and with density of cardiologists, we omitted them from our final models.
Statistical Analyses
We categorized HRRs by quintiles of density of cardiologists, ranging from quintile 1 (lowest density) to quintile 5 (highest density), and examined the patient characteristics and regional characteristics among the 5 quintiles. We then used 2-level hierarchical logistic regression models to assess the relationship between each mortality outcome and density. Hierarchical models help to account for the clustering of outcomes within HRRs. For each outcome and condition, we used 2 separate hierarchical models. Model A adjusted for patient age, sex, and condition-specific comorbidities, as well as an HRR-level random effect. Model B added the 3 HRR-level covariates (unemployment rate, percentage of white race, and median household income) to model A. We reported odds ratios (ORs) for each quintile, with 95% confidence intervals (CIs), relative to quintile 5 in each
WHAT IS KNOWN
• The density of cardiologists varies substantially across regions of the United States, from 12 to 225 per 100 000 Medicare beneficiaries.
• Patients hospitalized with acute myocardial infarction and heart failure tend to have better mortality when treated by cardiologists.
• Studies in other specialties have demonstrated relationships between regional density of healthcare providers and outcomes, but the relationship between regional density of cardiologists and outcomes remains unexplored.
WHAT THE STUDY ADDS
• Patients who were hospitalized for acute myocardial infarction and heart failure in regions with a lower density of cardiologists had modestly higher 30-day and 1-year mortality risk compared with patients hospitalized in regions with higher density.
• Regions with lower density of cardiologists may need to develop new approaches to achieve results that are similar to those of higher density regions.
model. We also used F tests to assess linear trends across quintiles in model B. Complete model output, including the estimated regression coefficient and OR with 95% CIs for each included variable, is available (online-only Data Supplement). We also performed a secondary analysis assessing the relationship between the density of primary care physicians and mortality risk to address concerns arising from the colinearity between density of cardiologists and density of primary care physicians. We categorized HRRs by quintiles of density of primary care physicians. For each outcome and condition, we then used a single hierarchical model, adjusting for patient age, sex, and condition-specific comorbidities, as well as the 3 HRR-level covariates and an HRR-level random effect. We performed all analyses with SAS version 9.1.3 (SAS Institute Inc, Cary, NC).
Results
Among eligible Medicare beneficiaries in 2010, there were 171 126 admissions for AMI, 352 853 for HF, and 343 053 for pneumonia. Overall, the 30-day mortality rates were 15.4%, 11.7%, and 11.9%, and 1-year mortality rates were 32.3%, 40.4%, and 35.2%, respectively (Table 1) . Mean age and percentage of men in each cohort were similar across quintiles. Complete baseline characteristics are available (online-only Data Supplement).
Median density of cardiologists per 100 000 older adults across the 306 HRRs was 38.6 (minimum, 7.6; maximum, 227.1). There was wide variation in density across HRRs; the median density per 100 000 was 23.7, 32.0, 38.6, 51.0, and 78.6 in quintiles 1 through 5, respectively ( Table 2) . Percentage of white race decreased from quintile 1 to 5, whereas median household income increased. Unemployment rate did not vary uniformly across quintiles.
Associations Between Density Quintiles and 30-Day Mortality
At 30 days, when adjusted for patient characteristics only (model A), patients hospitalized for all 3 conditions in the lowest quintile had higher mortality risk compared with patients hospitalized in the highest quintile. ORs were 1.20 (95% CI, 1.13-1.27) for AMI, 1.26 (95% CI, 1.19-1.34) for HF, and 1.09 (95% CI, 1.03-1.16) for pneumonia (Table 3) . These findings were consistent across all quintiles for each condition.
After adjustment for HRR covariates (model B), patients hospitalized for AMI (OR, 1.13; 95% CI, 1.06-1.21) and HF (OR, 1.19; 95% CI, 1.12-1.27) in the lowest quintile had higher 30-day mortality risk compared with patients hospitalized in the highest quintile, unlike patients hospitalized for pneumonia (OR, 1.02; 95% CI, 0.96-1.09; Table 3 ).
These findings were broadly consistent across quintiles for all 3 conditions, with similar magnitudes of effect observed. Furthermore, there were significant linear trends between lower density of cardiologists and higher 30-day mortality risk for AMI (P=0.0002) and HF (P<0.0001) but not for pneumonia (P=0.65; Figure) .
Associations Between Density Quintiles and 1-Year Mortality
At 1 year, when adjusted for patient characteristics only (model A), patients hospitalized for AMI and HF in the lowest quintile had higher mortality risk compared with patients hospitalized in the highest quintile. The difference was borderline significant for pneumonia. ORs were 1.11 (95% CI, 1.05-1.17) for AMI, 1.13 (95% CI, 1.08-1.17) for HF, and 1.04 (95% CI, 1.00-1.09) for pneumonia (Table 3) . These findings were consistent across all quintiles for AMI and for HF; however, for pneumonia, patients hospitalized in all other quintiles had higher mortality risk, with ORs ranging from 1.06 to 1.08.
After adjustment for HRR covariates (model B), patients hospitalized for HF in the lowest quintile had higher 1-year mortality risk compared with patients hospitalized in the Table 3 ). For patients hospitalized for AMI in the lowest quintile, there was a borderline significantly higher 1-year mortality risk compared with patients hospitalized in the highest quintile (OR, 1.06; 95% CI, 1.00-1.12). These findings were consistent across all quintiles for each condition. Furthermore, there was a significant linear trend between lower density of cardiologists and higher 1-year mortality risk for HF (P<0.0001), and the linear trend for AMI was nearly significant (P=0.06). For pneumonia, there was no significant trend (P=0.82; Figure) .
Secondary Analysis
At 30 days, patients hospitalized in HRRs in the lowest quintile of density of primary care physicians did not have higher mortality compared with patients in the highest quintile for any condition. Furthermore, despite significant associations in some quintiles, there was no significant linear trend between density of primary care physicians and 30-day mortality risk for any condition. At 1 year, patients hospitalized for AMI in HRRs in the lowest quintile of density of primary care physicians had higher mortality risk compared with patients hospitalized in the highest quintile, unlike patients with HF and pneumonia. Furthermore, there was a significant linear trend between lower density of primary care physicians and higher 1-year mortality risk for AMI (P=0.04) but no significant linear trend for HF or pneumonia. Complete results are available (online-only Data Supplement).
Discussion
We found that patients who were hospitalized for AMI and HF in regions with a lower density of cardiologists had modestly higher 30-day and 1-year mortality risk compared with patients hospitalized in regions with higher density. At 30 days, compared with the highest quintile, the lowest quintile AMI indicates acute myocardial infarction; CI, confidence interval; and OR, odds ratio. *Model A is adjusted for patient characteristics (age, sex, and condition-specific comorbidities) only. †Model B is adjusted for patient characteristics (age, sex, and condition-specific comorbidities) and hospital referral region covariates (unemployment rate, percentage of white race, and median household income).
had 13% higher odds of mortality for AMI and 19% higher for HF. The risk was attenuated by 1 year, with 6% higher odds of mortality for AMI and 9% higher for HF. Furthermore, we found linear trends between higher density of cardiologists and lower mortality risk for AMI and HF, although the trend for 1-year mortality risk for AMI did not reach statistical significance. Moreover, we found no relationships between density of cardiologists and mortality among patients hospitalized for pneumonia. These findings suggest that there is a relationship between regional density of cardiologists and mortality for AMI and HF, which is concentrated in the early period after these acute events. If all regions had the same mortality rates as those in the highest quintile of density of cardiologists, there would have been ≈1200 (95% CI, 200-2100) fewer deaths within 30 days of AMI hospitalization and ≈3200 (95% CI, 1700-4500) fewer deaths within 30 days of HF hospitalization. Lower-density areas may need to develop new approaches to achieve results that are similar to those in higher density regions.
There are several possible explanations for our findings. First, patients hospitalized in regions with a high density of cardiologists may be more likely to receive care from a cardiologist-either inpatient treatment or outpatient follow-up after discharge-and numerous studies have demonstrated that patients treated by cardiologists have better short-term and long-term outcomes. [2] [3] [4] [5] [6] [7] [8] [9] [10] Second, the density of cardiologists may correlate with cardiology care quality. Cardiologists in regions with a high density may face more competition, which may result in higher quality of care among those who are able to sustain a practice. Third, the threshold for diagnosis or admission may be lower in regions with a high density of cardiologists, such that the average admitted patient is less severely ill.
However, despite >3-fold variation in median density between the lowest and highest quintiles of regions, the magnitudes of the observed associations were modest. We can speculate several reasons why we did not observe a larger effect. First, cardiologists in regions with a low density may concentrate their efforts on patients with the most severe disease, for whom their specialized training is likely to have the greatest impact. Thus, scarce resources are allocated to the highest-risk patients, whose care and outcomes do not reflect any effect of reduced access to cardiologists; for lowerrisk patients, the specialty of their care provider has only a small impact on their care. Second, cardiologists in regions with a low density may have found ways to circumvent their diminished workforce by facilitating efficient communication networks with one another and with other providers. Given that cardiologists treat as few as 35% of patients with AMI 23 and 36% of patients with HF 4 and that treatment guidelines for HF, 24 non-ST-segment-elevation myocardial infarction, 25 and ST-segment-elevation myocardial infarction 26 do not routinely recommend consultation with a cardiologist, this may explain how patients with AMI and HF can still receive some of the benefits of cardiology input even if they are not directly treated by a cardiologist. Third, cardiologists in regions with a high density may practice primary care or spend their time treating cardiac conditions other than AMI or HF, resulting in diminishing marginal returns from additional cardiologists and a nonlinear relationship between the density of cardiologists and mortality. Nevertheless, the difference in mortality between the highest and lowest quintiles of density of cardiologists, especially within the first 30 days, is not trivial and translates into many fewer deaths in the high density regions. A remaining question is why the effect attenuates over time.
Our study adds to the existing literature in several ways. Numerous studies have demonstrated the better outcomes achieved by patients with AMI and HF who are treated by cardiologists, 2-10 but none has examined this relationship at the regional level. Our findings support the existence of a relationship between regional density of cardiologists and outcomes, but its magnitude seems to be modest and to diminish over time. In distinction to previous work, our study included pneumonia as a comparison condition. In the absence of a comparison condition, we might have suspected that the observed relationships for AMI and HF resulted from differences in access to physicians overall, especially in light of our preliminary analyses that demonstrated colinearity between the density of cardiologists and that of primary care physicians. However, we found no relationships between density of cardiologists and mortality risk among patients hospitalized for pneumonia. These findings help to allay concerns about confounding and provide an important contrast for the relationships that we observed for AMI and HF.
Although we had initially included density of primary care physicians and density of total physicians as HRR-level covariates in our preliminary analyses, we omitted these variables from our final models because of the colinearity of these variables with density of cardiologists. This colinearity raised concerns that the associations we observed might have been related to other physicians rather than cardiologists. To address these concerns, we performed a secondary analysis using density of primary care physicians as the main independent variable. We found a significant linear trend between lower density of primary care physicians and higher 1-year mortality risk after hospitalization for AMI but no other linear trends-in contrast to our findings of linear trends between density of cardiologists and mortality risk. These results suggest that, despite the observed colinearity, density of cardiologists is not simply a marker for density of other physicians. Nevertheless, further studies may explore the associations between regional densities of various physicians and their relationship with outcomes.
We chose to use HRR as the unit of regional analysis. HRRs are relatively large, such that patients likely receive outpatient care in the same HRR where they are hospitalized and physicians likely practice within a single HRR even if they have multiple practice locations. However, because HRRs include many different areas, heterogeneity likely exists in the density of cardiologists within each HRR, and this heterogeneity may relate to outcomes. For example, HRRs contain both urban and rural areas, and AMI patients in urban areas have higher mortality than patients in nonurban areas. 27 Accordingly, our results at the HRR level can be interpreted only as averages for the entire region. We are making an assumption that, if there were an effect, it would be detectable on the basis of the average density, even if that density were not uniformly distributed within the geographic region.
We are also focusing this study on the effect of density of cardiologists. We explicitly cannot make an inference about whether patients who receive care from a cardiologist have better or worse outcomes. Such an inference would be susceptible to an ecological fallacy. We are determining whether regions with higher numbers of cardiologists tend to have better patient outcomes. Such an effect could be mediated in many different ways. The density of cardiologists could, for example, have an influence on the care by noncardiologists.
A central challenge was accounting for differences among patients in different HRRs. In-depth clinical data were unavailable for our cohorts. Instead, we used 2 models to evaluate the relationship between density of cardiologists and mortality, each of which provided different insights. Our first model adjusting only for patient characteristics using an approach that mirrors publicly reported hospital mortality measures. [14] [15] [16] Among hospitals, this methodology has been validated against other methods using clinical data. In this first model, we found that a lower density of cardiologists was associated with higher rates of 30-day and 1-year mortality for all conditions, even for our comparison condition of pneumonia. These findings raised concerns that, when only adjusted for patient data, density of cardiologists might serve as a proxy for other regional factors that might influence healthcare outcomes, which are known to vary. [28] [29] [30] To better address these concerns, our second model also adjusted for regional socioeconomic status using HRR-level covariates-unemployment rate, percentage of white race, median household incomebecause these factors were known or expected to be associated with healthcare intensity and patient outcomes. 21, [31] [32] [33] [34] [35] In this second model, we found no relationship between density of cardiologists and mortality for pneumonia, suggesting that the risk adjustment adequately accounted for other regional differences that might have affected outcomes. The difference in our findings between these 2 models highlights the importance of accounting for regional characteristics when studying physician density.
Our study has several limitations. First, given our use of observational methods, there may be unobserved differences between areas of varying density of cardiologists, potentially confounding our analysis. Although we adjusted for HRR-level covariates to minimize confounding from socioeconomic status, our techniques may have been inadequate, or other confounders unrelated to socioeconomic status may account for the associations we observed. Second, we used county-level data to determine the density of cardiologists. There may be variation in the density of cardiologists within each county, but we did not have information in smaller units. However, regardless of the geographic area that is used, the exact location of a physician's practice is difficult to determine, and when smaller areas are used, it may be more likely that the physicians' practices may cross boundaries. Third, our cohorts were limited to Medicare fee-for-service beneficiaries ≥65 years of age; the association between density of cardiologists and mortality risk in younger patients remains unexplored. Fourth, information about physician specialty was self-reported; however, previous work has demonstrated this information to be an accurate reflection of practice patterns. 36 Fifth, we accounted only for the number of cardiologists, which may overestimate the level of care provided in areas with large academic centers because of an inability to account for the time some cardiologists spend performing research. 37 Finally, we only assessed mortality, and outcomes such as readmission may also relate to density of providers.
In conclusion, patients hospitalized for AMI and HF in regions with a lower density of cardiologists have modestly higher 30-day and 1-year mortality risk compared with patients hospitalized in regions with higher density. Deeper understanding of the causes of this observed difference in mortality may potentially reveal a target for interventions to improve outcomes. 
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